INTRODUCTION {#s1}
============

As the fourth most common cancer worldwide, the long-term outcome of gastric cancer (GC) remains poor \[[@R1]--[@R3]\]. For the GC patients who underwent surgery, recurrence was identified as one of the most important factors for prognosis \[[@R4]\]. More than 60% GC patients were in the advanced stage at the initial diagnosis, and the recurrence occurred in about 62% GC patients who received surgery \[[@R5]--[@R7]\]. Numerous studies have investigated the predictive factors, recurrence patterns and the therapy for RGC \[[@R8]--[@R11]\]. Unfortunately, no precisely predictive factors were identified for RGC patients. What\'s worse, no effective nor standard therapy has been established for RGC presently \[[@R12]\]. As the prognosis of RGC remains clinically poor, it is urgent to explore the novel biomarker which could predict early recurrence and prognosis precisely.

Many nonspecific serum inflammatory markers were found playing an important role in tumor progression and prognosis. C-reactive protein (CRP), one of the inflammatory markers, was found its up-regulation was associated with poor prognosis in small cell lung cancer, osteosarcoma, prostate cancer and colorectal cancer \[[@R13]--[@R16]\]. Recently, one study found CRP was associated with tumor size in NSCLC \[[@R17]\]. What was more, the other retrospective study reported that high CRP level was associated with poor prognosis of advanced-stage NSCLC patients treated with erlotinib \[[@R18]\]. However, only limited published reports showed the role of inflammatory factors in the RGC.

Based on the above consideration, we measured the CRP level, collected the clinical and survival information, explored the association between serum CRP and clinical-pathological factors, and investigated its prognostic value in RGC patients.

MATERIALS AND METHODS {#s2}
=====================

Patients and information collection {#s2_1}
-----------------------------------

72 RGC patients who received treatment from January 2005 to May 2008 were enrolled in this study. Patients with concurrent infection or incomplete follow-up information were excluded. The OS was defined as time from the date of diagnosis to the date of death or last visit. This study was approved by the Research Ethics Committee of First Teaching Hospital of Tianjin University of Traditional Chinese Medicine, China. Written informed consents were obtained from the patients before participating in this study.

Serum CRP level was measured from peripheral venous blood samples. All the patients were divided into high CRP group (H-CRP; \>0.8 mg/dL) and normal CRP group(N-CRP; ≤0.8 mg/dL) according to the serum CRP level and previous study \[[@R13]\]. The clinical-pathological information was reviewed from the database of our hospital, and the survival data was collected from clinic visit or family contact. The response evaluation was performed according to the Response Evaluation Criteria in Solid Tumors Guidelines.

Statistical analysis {#s2_2}
--------------------

The statistical analyses were performed using SPSS version 18.0 (SPSS, Chicago, IL, United States). Continuous variables were described using mean±standard deviation; the survival was compared through the Kaplan--Meier method and log-rank tests. Furthermore, the prognostic role of the CRP was identified by the Multivariate analyses. Significance was defined as *p*-Values\< 0.05.

RESULTS {#s3}
=======

Patient characteristics {#s3_1}
-----------------------

Among the 72 RGC patients, 9 patients had at least two recurrence patterns concurrently. Of all the RGC patients, 10 patients (13.9%) received a total gastrectomy, and 50 patients (84.7%) received adjuvant chemotherapy according to NCCN guideline. As the Table [1](#T1){ref-type="table"} and Table [2](#T2){ref-type="table"} showed, the peritoneal seeding was the most common recurrence pattern. The clinical and pathological factors were shown in Table [1](#T1){ref-type="table"}. 55 patients were male; the average age was 60.0 years, and 34 patients were well differentiated. The median follow-up time for all RGC patients was 55 months.

###### The association between CRP and Clinicopathological characteristics (*n* = 72)

                                               Number   H-CRP group (*n* = 39)   N-CRP group (*n* = 33)   *P* value
  -------------------------------------------- -------- ------------------------ ------------------------ -----------
  Age (years)                                                                                             0.351
  Mean                                                  61.3±9.7                 57.9±6.6                 
  Gender (%)                                                                                              0.654
  Male                                         55       35 (89.7%)               20 (60.1%)               
  Female                                       17       4 (10.3%)                13 (39.9%)               
  Tumor Size (cm)                                                                                         0.004
   \<5                                         22       5 (12.8%)                17 (51.5%)               
   ≥5                                          50       34 (87.2%)               16 (49.5%)               
  Location of tumor                                                                                       0.221
  Lower                                        28       15 (38.5%)               13 (39.4%)               
  Middle                                       8        5 (12.8%)                3 (9.1%)                 
  Upper                                        36       19 (48.7%)               17 (51.5%)               
  Lymph node metastasis                                                                                   0.003
  No                                           19       10 (25.6%)               9(27.3%)                 
  Yes                                          29       22 (56.4%)               7 (21.2%)                
  Histology                                                                                               0.436
  Highly/moderately differentiated             34       18 (72.8%)               16 (79.2%)               
  Low/Undifferentiated                         38       21 (27.2%)               17 (20.8%)               
  Patterns of Recurrence                                                                                  0.386
   Locoregional recurrence                     18       10(25.6%)                8(24.2%)                 
   Peritoneal seeding                          30       18(46.2%)                12(36.4%)                
   Hematogenous recurrence                     15       6(15.4%)                 9(27.3%)                 
   Others[\*](#tfn_001){ref-type="table-fn"}   9        5(12.8%)                 4(12.1%)                 

The patterns of recurrence involved at least two patterns

###### : Recurrence patterns of RGC patients (*n* = 72)

                                       Number   Percentage
  ------------------------------------ -------- ------------
  Locoregional recurrence (*n* = 22)            
   Remnant stomach                     7        31.9%
  Gastric bed                          3        13.6%
  Anastomosis                          3        13.6%
  Lymph nodes                          9        40.9%
  Peritoneal seeding (*n* = 31)        31       100%
  Hematogenous recurrence (*n* = 19)            
  Liver                                11       57.9%
   Lung                                4        21.1%
  Bone                                 2        10.4%
  Brain                                1        5.3%
  Abdominal wall                       1        5.3%

Association between CRP and clinical-pathological factors {#s3_2}
---------------------------------------------------------

There were 39 patients (54.2%) with elevated CRP level, while 33 patients (45.8%) were within the normal range. The mean concentration of serum CRP was 8.8±0.5 mg/dL in the H-CRP group, while 0.4±0.1 mg/dL in the N-CRP group. We further compared the clinical-pathological factors based on the CRP level. As the Table [1](#T1){ref-type="table"} showed, the high CRP level was associated with larger tumor size (*p* = 0.004) and more Lymph node metastasis (*p* = 0.003). In general, the RGC patients with elevated CRP seemed to have more aggressive pathological features.

Survival outcomes {#s3_3}
-----------------

In our study, the median survival time after recurrence was 10.3 months. The further Kaplan--Meier method and log-rank tests showed that the long-term outcome of H-CRP RGC patients was significantly worse than those RGC patients with normal CRP level (Survival, 11.5 months vs. 6.5 months, *p* = 0.012), these result was showed in Figure. [1](#F1){ref-type="fig"}.

![Survival after recurrence in RGC patients\
The median survival time after recurrence was significantly worse in the H-CRP group compared to N-CRP group (6.5 months vs. 11.5 months, *p* = 0.012).](oncotarget-07-55765-g001){#F1}

Cox proportional hazards model was further conducted to identify whether CRP was an independent prognostic factor for survival. As the Table [3](#T3){ref-type="table"} showed, the univariate analysis identified the CRP (*p* = 0.012), Lymph node metastasis (*p* = 0.021), time to recurrence (*p* = 0.001), and the follow-up treatment (*p* = 0.011) were prognostic factors. After multivariate analysis, high CRP level (HR = 2.235, 95% CI, 1.159-2.687; *p* \< 0.001), the follow-up treatment (HR = 2.650, 95% CI, 1.608-3.674; *p* = 0.001) and time to recurrence (HR = 0.466, 95% CI, 0.217-0.701; *p* = 0.033) were confirmed as independent markers for RGC survival.

###### Univariate and multivariate analysis of factors influencing OS (*n* =72)

  Variable                  Univariate analysis   Multivariate Cox regression                  
  ------------------------- --------------------- ----------------------------- -------------- ---------
  Age (years)               0.332                 −                             −              −
  CRP                       0.012                 2.235                         1.159-2.687    \<0.001
  Lymph node metastasis     0.021                 1.655                         1.307--1.987   0.124
  Time to recurrence        0.001                 0.466                         0.217--0.701   0.033
  Tumor size                0.055                 −                             −              −
  The follow-up treatment   0.011                 2.650                         1.608--3.674   0.001

HR hazard ratio, CI confidence interval.

DISCUSSION {#s4}
==========

This report explored the prognostic role of serum CRP in RGC patients. Our data showed that the elevated CRP was associated with more aggressive pathological features. Further analyses identified that high serum CRP level was associated with poor outcome, which might be potential maker defining the prognosis of RGC patients.

The GC recurrence occurred most within 2 years after resection, which resulted in poor prognosis for RGC \[[@R5]--[@R7]\]. Many basic and clinical studies focused on the recurrence of GC, but the meaningful result, such as accurate predictors, effective drugs, standard treatment, et al, were still not sufficient. That\'s to say, it is still urgent to find novel biomarkers and establish effective therapies to improve the prognosis of RGC.

As the previous studies reported, the elevated serum CRP was associated with poor survival in kinds of solid tumors \[[@R19]--[@R24]\]. Recently, Dr. Shao and her colleague found that the high CRP level was associated with the poor outcome for combined small cell lung cancer \[[@R13]\]. In the present study, we first investigated the prognostic significance of serum CRP in RGC. Our data identified that RGC patients with higher CRP level had worse survival time compared to N-CRP group (6.5 months vs. 11.5 months, respectively; *p* = 0.012) (Showed in Fig. [1](#F1){ref-type="fig"}). This result was consistent with previous studies. In addition, in the present study, the multivariate analysis confirmed that the elevated CRP was an independent poor prognostic factor for RGC, which reinforced the prognostic value of CRP in solid tumors. At last, consistent with the other previous studies, we re-confirmed that the follow-up treatment (HR = 2.650, 95% CI, 1.608-3.674; *p* = 0.001), time to recurrence (HR = 0.466, 95% CI, 0.217-0.701; *p* = 0.033) were independent prognosis factors for RGC.

Recently, some studies reported the association between CRP and clinical-pathological factors. For the resected NSCLC, Dr. Lee and his team found that the higher CRP level was associated with more lymph vascular invasion \[[@R17]\]. And one study from Japan showed that the patients with elevated CRP had larger tumor size in hepatocellular carcinoma \[[@R20]\]. One systematic review summarized that CRP was an important biomarker for prognosis and treatment response in kinds of solid tumors \[[@R25]\]. In consistent, our data also showed that the RGC patients with higher CRP level had larger tumor size (*p* = 0.004) and more Lymph node metastasis (*p* = 0.003). All these findings indicated that the elevated CRP level was associated with aggressive pathological parameters.

Although this study had some shortcomings such as small size, single-center study and retrospective design, CRP still has its clinical significance because of its simple, easy detection and accurate prediction. Better designed large scale and multicenter studies should be conducted to confirm our result.

CONCLUSIONS {#s5}
===========

The higher serum CRP was associated with aggressive clinical-pathological features resulting in worse long-term outcome in RGC patients. Our study confirmed that the elevated CRP was an independent prognostic factor, which might be potential treatment target for RGC.
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